DNA from formalin-preserved tissue could unlock a vast repository of genetic information stored in 31 museums worldwide. However, formaldehyde crosslinks proteins and DNA, and prevents ready 32 amplification and DNA sequencing. Formaldehyde acylation also fragments the DNA. Treatment with 33 proteinase K proteolyzes crosslinked proteins to rescue the DNA, though the process is quite slow. To 34 reduce processing time and improve rescue efficiency, we applied the mechanical energy of a vortex 35 fluidic device (VFD) to drive the catalytic activity of proteinase K and recover DNA from American lobster 36 tissue (Homarus americanus) fixed in 3.7% formalin for >1-year. A scan of VFD rotational speeds 37 identified the optimal rotational speed for recovery of PCR-amplifiable DNA and while 500+ base pairs 38 were sequenced, shorter read lengths were more consistently obtained. This VFD-based method also 39 effectively recovered DNA from formalin-preserved samples. The results provide a roadmap for exploring 40 DNA from millions of historical and even extinct species.
Introduction
. Current methods for formaldehyde crosslink removal & DNA recovery from formalin-fixed 100 specimens.
Method
Temperature (°C) Time (h) proteinase K treatment [26] 56~17 proteinase K treatment in Tris-NaCl-EDTA-SDS buffer [27] 55 68
hot alkali buffer treatment [7] [25] 100 to 120 0.4 to 0.7 Cetyltrimethylammonium bromide (CTAB) & proteinase K [28] 65 & 56 0.5 & 1-72
QIAamp DNA Mini Kit [28] 56 not reported QIAamp DNA FFPE Kit [28] 56 & 90 not reported small pieces of ground tissue are aliquoted (≈1 to 1.5 g) into Eppendorf tubes (henceforth termed 147 tubes).
148
Safety Note: Exercise caution when utilizing a sharp edge to prevent puncturing or cutting personal 149 protective equipment or skin.
150
Pause Point: At this stage, the sample can be stored at -80 °C for later processing. speed is within the VFD-based rate enhancement zone for reactions in aqueous solvents. That said, the 295 highest, most consistently observed PCR yields were obtained for the rotational speed of the VFD of 7 296 krpm (which is discussed in more detail below; see Fig 2, Fig 4, S1 Fig, S2 Table, and S5 Fig) . 
309
To more robustly quantify the concentration of double-stranded DNA (dsDNA) in the fDNA, a 310 fluorescence-based DNA intercalating assay was performed using SYBR Green I dye. Samples were 311 diluted to reach the dye's linear range, and the sample fluorescence (λ ex 485 nm, λ em 550 nm) was 312 measured against a standard curve to determine the concentrations of the rescued dsDNA. The assay 313 demonstrated that VFD-processed samples yielded 40 to 85% more dsDNA than the control, non-VFD 314 processed sample (Fig 3) . Thus, the VFD improved the rescue of dsDNA from formalin-fixed tissue 315 compared to the non-VFD-treated negative control.
